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ABSTRACT

This report describes the second phase of experiments designed
to determine the critical process variables in the manufacturing of aero-
sbace nickel;cadmium cells. This second phase included additional analyses
of plaque sintering experimental data and setting up of the impregnation
and polarization process for cell plates. Also covered in this phase was
a study of separator materials and ceramic-to-metal seals.

Work continued on the analysis of the plaque manufacturing data.
Analysis of variance has shown that 85% of the total variation occurs within
any individual plaque. It was further concluded that a 2% variation is
introduced into the plaque by virtue of the manufacturing process.

Regression equations were determined with and without interactions.
The results were compared and it was determined that there are significant
interactions for this manufacturing process. Temperature, belt speed and
dewpoint effects are non-linear due to these interactions., Hot zone tempe-
rature, belt speed, dewpoint, weight and second cooling zone temperature
cause relatively strong effects on plaque characteristics., Belt speed is
easily controlled but improved controls are recommended for dewpoint and
temperatures of hot zones and cooling temperatures.

Additional use was made of the regression equation to predict
variability of the plaque manufacturing process within the normal tolerance
range of the equipment. The following conclusions were made as a result

of this variability study for two (2) particular equipment settings,



An increase of 30°F in temperature at 1760°F causés a 2% decrease
in void and thickness and an increase in strengfh &f 12%.
However, this same increase at 1860°F can cause no change in
void or thickness and can cause diminished strengths of 5-6%.

An increase in belt speed of 1 inch/minute will cause less than

a 1%.change in void and thickness. Strength changes of less

than 2% were shown at 1760°F but a 6% strength decreasé was
predicted at 1860°F with this iﬁcrease in belt speed. o
Dewpoint exhibits especially strong affects for only a plus or
minus change of 5°F. Thickness and void changes of 5% were seen
at 1860°F with strength changes of up to 40%. Dewpoint effects
are most pronounced on the lightest weight plaques.

A change of 20 cfh of atmospﬂere amount causes no change in
void or thickness and less than 17 in strength.

Close spacing is most desirable for uniform plaques.

A 16°F increase in temperature of the first cooling zone water

increases thickness and void in the range of 0.0 to 0.7%; and

“ .increases strength approximately 2.5%.

A 16°F increase in temperature of the second cooling zone water
predigted iérge increases in strength and significaht changes in
void aﬁd,thicknégs.

A plaque Wéight iﬁcrqgse will increase thickness and void,
Strength is ingreaSéd'a#‘1760°F és.plaqée'Weight is‘igﬁéeased,

but at 1860°F strngth is decreased as plaque weight is increased.

ii



I INTRODUCT TON

The objective of éhis program is to develop a process procedure
and control for manufacturing nickel-cadmium aerospace cells with reliable
five (5) year life capability. In order to achieve these objectives, each
component part will be investigated separately and collectively to determine
the critical variables and related interactions.

The total program consists of four (4) distinect, yet interrelated
phases. The first phase consisted of a detailed analysis of our procedures
in conjunction with a review of pertinent literature of nickel-cadmium
batteries to assess critical variables of the various processes that affect
cell performance. The second phase will involve the evaluation and testing
(verification) of the variables and their interrelation as determined in
Phase 1. This will include a design of experiments to experimentally
identify critical variables and to establish tolerances required for uni-
form performance. Phase 3 includes the detailed preparation of a Quality
and Reliability Assurance Program, Acceptance and Manufacturing Flow Sheets
and a complete hardware specification that can be practically implemented
in a cost effective manner. This specification will be patterned after
'"$-716-P-23, Interim Model Specification for High Reliability Nickel-Cadmium

Spacecraft Cells," The Fourth Phase of the program will be to implement
the results of Phases 1 through 3 on a production basis. This effort
will "prove out" the conclusions and will establish both validity of con-
cept and applicability to production equipment and overall operational
capability. During this phase, the deliverable items of separation,
positive and negative plates Wiil be prepared, Also, 20 nickel~-cadmium

cells of 20 ampere-hour size will be manufactured to the developed procedure.

Inspection levels will be 100% minimum and complete traceability maintained.
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The first quarter of this program was devoted to investigating
the dry-sintering process used in manufacturing perous nickel plaque. A
factorial experiment was designed to examine the sintered plaque character-
istics as a function of the process variables. The data gathered from this
experiment were analyzed using a step~wise multiple regression technique
designed for use with the IBM 1130 computer. At the completion of analysis,
plaques with different characteristics were selected for use in the impreg-
nation factorial experiment. After the impregnation study, these plaques
will be characterized both electrically and physically to determine the
effects of sintering and impregnation variations. Tolerance limits will be
selected and plates will be produced for a production lot of cells. Studies
are also being conducted on other component parts, such as, separators,
ceramic~to-metal seals, welding techniques, etc. At the completion of these
component studies, cells will be built and investigated for such things as
electrolyte amount, positive-negative ratio, compression, etc. The cells
produced at the completion of the program will be placed on Life Cycle Testing

and cycled to failure.



II,

ANALYSIS OF DATA-PLAQUE MANUFACTURING STUDY

A. Computer Programming

At the close of the last Interim Report, Run No. 9 (mid level
run) had been completed but the data had not been included in
the eight (8) previous plaque runs for analysis. The 8 previous run
analysis had been used to predict the outcome of Run No. 9 and a
series of comparisons (actual vs. predicted) were presented.
Several changes were instituted to shorten the (future) time of

analyzing the data by the Gardner Multiple Regression Program,

‘A disk file was setup and the regression program modified to read

this file, The file is loaded with up to 60 variables and 750
observations (total to date) using a separate scaling and trans-
formation program. The scaling (=1 to +1) routine is not part of
the Gardner Program (See Section B beélow). This change in procedure
resulted in a significant reduction in computer running time.

B. Reason For and Procedure For Coding of Independent Variables

The raw data consists of independent variables in the original
engineering units; for example, temperatures of approximately 1700°F
to thicknesses of 0,025", etc. The resulting coefficients would
range from very small numberé to very large numbers. This presents
difficulties as very large numbers or very small numbers present
computation errors or numbers larger than the capability of the.computer
program. In order to 'level" the values, a system is followed that repro-
ducibly scales numbers so they reflect the actual run values and provides
ready comparison among the coefficients. A program is available to
"code" the variables by running through each variable to find the

maximum and minimum value of each and then compute each variable to
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find the maximum and minimum value of each and then compute each
variable by proration giving a +1.000 value to the maximum and
~1,000 to the minimum, The response or responses are, of course,
not changed. The 'raw'" data is now ''coded'". The waxima and minima
for each are punched in a new deck for future coding of prediction
levels if desired. Rounding errors and subtraction and addition
errors are lessened. The standard precision of the IBM 1130 is
6 figure accuracy so if numbers are subtracted 1arger.than 6 figures,
an error will be ‘introduced. A discussion of these latter points is
in Draper and Smith, Applied Regression Analysis, p. 148, John Wiley,
1966,

In order to improve the accuracy of the models, interactions
of the variables are introduced as additional variables. To lower
the number of variables, only first order interactions are used
(e.g. temperature x dewpoint, etec). Fitting a curve (equation) is
simplified by making the product as raw data and then coding the new
variable. Thus, the product range from product of smaller numbers
(-1) to larger numbers (+1). If the interactions were made from
coded original variables, the progression of numbers would be more
complex since a +1 could arise from the product of 2 large numbers
(+1 x +1) as well as from 2 small numbers (=1 x =1). The computer
program, thus builds the new variables (interactions) before the
coding takes place. The data is built into a permanent disk file
so from one raw data (original variables) deck, any new data set

with interactions can be available for the regression programs.



C. Error Variance Analysis

Analysis of variance for these data requires some modification
from that usually performed on data., Each plaque resulted in 9
samples (observations) and each run produced 6 plaques. There
is thus an error variance associated with plaques and an error
associated within runs. The plaque error includes experimental
error and variations within individual plaques. The error associ-
ated with runs includes these errors and variations from plaque to
plaque. There are five (5) replicated runs (1-5) and four (4) not
replicated which provide an estimate of error from run to rum.
Table Number I tabulates the analysis of variance data neceésary.

From the standpoint of production, the estimate of sigma in
Table Number I that is most meaningful is the 'within runs and
replicates" in each. This indicates the variability to be expected
when fresh start-ups will take place. The coefficient of variation

(est. of sigma/mean as %) is a useful index. These are:

ITEM WITHIN RUNS & REP, WITHIN PLAQUES
COEF, OF VARTIATION COEF, OF VARIATION
Strength = 15.4% = 13.3%
Void = 5.,10% = 4.47
Thickness = 4,11% = 3.5%
Weight = 2.46% = 2.,1%

To reduce these variations, other controls would have to be
instituted than were used during these vuns. These data can serve
as a baseline for any change made. It is interesting to note that

approximately 85% of the variation is within an individual plaque,



TABLE NUMBER T

ANALYSIS OF VARIANCE (ERROR ANALYSIS)

(1) Response: Strength (Mean = 507.9)

DF_ 88Q M8 S
Total 749 22745646. 30368. 174.3
Within Plaques 666 3025477, 4543, 67 .4
Within Runs 736 4276397, 5810. 76.2
Within Runs & Reps. 741 4508849, 6085. 78.0
Between Runs & Reps. 8 18236798. 2279600, 1510.

(2) Response: Void (Mean = .02295)

Total 749 .002383 .000003181 .00178
Within Plaques 666 .0006688 .00001004 .001002
Within Runs 736 .001004 .000001364 .001167
Within Runs & Reps. 741 .001014 .000001368 .001170
Between Runs & Reps. 8 .001369 .0001711 .01308

(3) Response: Thickness (Mean = .02876)

Total 749 .002369 .000003162 .1778
Within Plaques 666 .0006796 .000001020 .001010
Within Runs 736 .001022 .000001388 .001178
Within Runs & Reps. 741 .001034 .000001396 .001182
Between Runs & Reps. 8 .001334 .0001668 .01291

(4) Response: Weight/2 sq.in, (Mean = 1.6935)

Total 749 1.4381 .001919 .04381
Within Plaques 666 .8386 .001259 .03548
Within Runs 736 1.1512 .001564 .0395

Within Runs & Reps. 741 1.2812 .001729 .04158
Between Runs & Reps. 8 .1569 .01961 . 1400

LEGEND

DF Degrees Freedom

(13

SSQ= Sum of Squares
MS = Mean Square = SSQ + DF
S = Sigma = Square Root of MS



D. Multiple Regression Analysis~Development of Equation

To evaluate the effect of the independent variables in the matrix,
multiple regression analyses were made with and without all possible
first order interactions among the independent variables, Responses
were strength, void and thickness. The independent variables are:

1. Hot Zone Temperature

2. Belt Speed

3. Dewpoint of Atmosphere

4, Atmosphere Amount

5. Plaque Spacing

6. First Cooling Chamber Water Temperature

7. Second Cooling Chamber Water Temperature

8., Plaque Sedquence

9. Weight of 2 sq.in.

The regression equations were derived with and without interactions
and the models (equations) are presented in the Appendix. After
derivation of the regression equations, they were checked against
the known data points, that is, experimental runs 1 through 8 of
the fractional factorial and Run 9, the mid-level run.

The data were analyzed by a wultiple regression computer program
(Gardner Program discussed previously) both with and without inclusion
of interactions among the independent variables. The independent
data matrix was first formed (interactions formed) as raw data except
temperature in which the decimal was moved 3 digits. Following this,
each vector was coded with maximum equal to +1, and the minimum equal
to -1, and all values were prorated between these extremes. The

variables are numbered identically to the list above. The interactions



are shown in Exhibit No. 1 in the Appendix. These variables "numbers"

correspond to the '"x'" numbers in the Appendix, Exhibits 2 - 4 of the

models (equations) for each response (strength, void and thickness).
The regressions were solved without and with interactions and the

'"value" of the more complicated model can be judged by comparing

the squared multiple correlation coefficients for each. These are

listed below in Table No. II.

TABLE NUMBER IT

MULTIPLE CORRELATION COEFFICIENTS
(SQUARED) FOR VARIOUS MODELS

R
Strength, No Interactions 746
Strength, With Interactions .850
Void, No Interactioms »554
Void, With Interactions . 607
Thickness, No Interactions . .551
Thickness, With Interactions .605

This coefficient is 1 minus the ratio of the residual sum of squares.
over the total sum of squares. The "sum of squares' is a measure of
the variability of the data so this coefficient measures the "amount"
accounted for by the model (variables). There is an appreciable
increase for the interaction models over that including no interactions.
The other statistical terms have been referenced earlier. When
the coefficients are small, the program prints them in "E" format at
the right side. The sign and integers following the "E'" is the loga=-
rithmic characteristic and shows the digits to shift the decimal (- to

the left; smaller), To graphically show a model effectiveness,
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Figure 1 shows a plot of the residuals (prediction from model =
actual observation) versus the observation. A random scatter
shows no variables predominately causing effects. This also
shows the values of the residuals resulting from the 750 obser=
vations originally used to setup the wodels.

Having quite complex models such as these, it is relatively
easy to create a vector among the interactions which iz beyond
that found in the original data maxima or winima. Obviously in
creating the matrix for predicting some set of values, the same maxima
and minima must be used as was used to create the model. If some
vector exceeds these limits either positively or negatively, an
extrapolation may result. Since the model is very complex, this
extrapolation may result in a predicted response that has a large
error associated with it., Besides giving a response quite different
from that expected, the standard error of the prediction (Y), which
the program prints for each, will be substantially greater than the
original data values. By printing the values for the X matrix after

coding, the extrapolated vector can readily be located.



RESIDUAL

280400

224400

168400

112400

56400

0400

-56400

=112400

=168400

=224400

=280400

RESIDUAL

170400

T O O L T A T N e e R e Lo Lo L R e e e e e e T A e Ll J et ettt et

fory

> x>

P-4

o
NP>

>

x>

rrr»r >

PLOT OF RESIDUALS VS. OBSERVATIONS
FOR STRENGTH (9 VAR. MATRIX
W/ INT)
NOTE: A = 1 VALUE, B = 2 VALUES,
C = 3 VALUES *>26 VALUES, THE SAME VALUE

OBSERV,, TION

1080400

Gt et it o Bt Bt Pt 5t - Bt Bt Bt Bt o Bt Bt Dt Bt f B Ot Dt - Bt Bt Bt Bt - Bt et St et o Bt Bt ekt | St Bk 0t ot | Bt Pttt

321467 473433 625400 776467 928433
o e o e o s e e e s o e o 2 o o B i e i
~
la)
A
A
A B B A
A ~ o A .
AA I M [aYa) [a)
A A A AA A
A A A AA B AA B
aYa) fa) ” ~ (™) IAYR}
A A [} B m o o
=} [ o] ~ s
AA A CA ABACAA A A A A
AA A A AB BAACARBB A A A A
AA A ) AR A mAanulo e = .
AC A A AR e a N aYAYKI VI [ RO R ..C' -
AACA A AAAABD ABABD ACACDA BA AR AMA M A
AABABA AB C 3CC DAABDDDAC AB AAA A
AB AAAA BBA ABRBAARE A DM AAm o, ~
A CA?)A HHHbHDD Dy LW Cu
AB BDC E CAA CaBFEABB 2Ya - Ya
AEAA DBC"\ HHtCM Cr\ laYala TR NERX) tary
EB AR ABBD |4 v C
8 A AACB BAnCCDC 65 Anm D~ "
BAA AA  3DA Brm_ Fm N
A BB D A AABDBA ARC Am Y alata)
B3A A BAAA AAA D A A AA A
A A A A DB DA " r ru’. [N
ABA A A CBa "
A AAA AA A BAA A
AA B A A A AA
A BB A A CA
BAA- A
[ ~
A AA
A
A
A
A
32167 473433 625400 776467 928433

0+ 00

OUSLI\V..T IUN

FIGURE NUMBER 1

- 9A -

1080400



E. Use of the Regression Equation (See Appendix, Exhibits 2-4)

The derived equation (mathematical model) is very useful.

This equation can be used to:

(1)
(2)
(3)

Assess Variability Within the Process

Predict Plaque Characteristics for Various Furnace Settings

Optimization of the Process

(1)

Assess Variability Within the Process

This is done by programming waximum and wminimum
tolerance levels for each of the independent variables
into the computer, Each variable is held constant
except the one being investigated which can be varied
high and low to determine the effect of changing this
particular variable. In turn, all of the independent
variables can be analyzed to determine the effect upon
the process. This analysis has been ﬁerformed for the
9 independent variables at various settings of the
furnace and various changes of the other independent
variables. The nominal settings and the amount of
variation programmed into the computer are shown in the
following table.

TABLE III

ANALYZED VARIATION FOR THE
PLAQUE MANUFACTURING INDEPENDENT VARIABLES

RANGE OF
INDEPENDENT VARIABLE NOMINAL SETTING VARTATION
Hot Zone Temperature 1760°F, 1860°F 30°F
Belt Speed 6 in/min 1 in/min
Dewpoint 25°F, 35°F 10°F
Atmosphere Amount 800 cfh 20 cfh
Spacing 0.1" 1.8"
Cooling Zone 1 180°F, 75°F 16°F
Cooling Zomne 2 83°F, 100°F 16°F
Plaque Sequence 6 2
Weight of 2 sq.in. 1.757 gm, 1.920 gm 0.24 gram
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The computer run was made and the following conclusions were

made for this variability study:

1.

An increase of 30°F in temperature at 1760°F causes a 2% decrease
in void and thickness and an increase in strength of»lz%.
However, this same increase at 1860°F can cause no change in
void or thickness and can cause diminished strengths of 5-67%.

An increase in belt speed of 1 inch/minute will cause less than
a 17, change in void and thickness. Strength changes of less
than 2% were shown at 1760°F but a 6% strength decrease was
predicted at 1860°F with this increase in belt speed.

Dewpoint exhibits especially strong affects for only a plus or
minus change of 5°F. Thickness and void changes of 5% were seen
at 1860°F and strength changes of up to 40%. Dewpoint effects
are most pronounced on the lightest weight plaques.

A change of * 10 cfh of atmosphere amount causes no change in
void or thickness and less than 1% in strength.

Close spacing is most desirable for uniform plaques.

A 16°F increase in temperature of the first cooling zone water
increases thickness and void in the range of 0.0 to 0.7%, and
increases strength approximately 2,5%.

A 16°F increase in temperature of the second cooling zone water
predicted large increases in strength and significant changes in
void and thickness.

A plaque weight increase obviously increases thickness and void.
Strength is increased at 1760°F as plaque weight is increased,

but at 1860°F strength is decreased as plaque weight is increased.

NOTE: Supporting data are presented in the Appendix as Exhibit 5.
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(2)

(3)

Predict Plaque Characteristics for Production Settings

The equation can be used to predict plaque characteris-
tics for a production run. In this manner, certain
equipment limitations could be overcomé by investiga-
tion and computation of the alternative furnace settings.
This would lead to optimization of the process.,

Optimization of the Process

The complex interactions have shown that the process

.should be optimized by analysis of existing data. TFor

example, it was shown that a plaque weight increase
resulted in a stronger plaque at 1760°F, but a weaker

plaque at 1860°F,

It is planned to perform this optimization process
similarly in technique to the variability assessment
described in (1) above. Variations of each independent
variable will be programmed larger than those used in
the above analysis. Also, more test data are being
accumulated. These data will be added to the data of
Runs 1-9 to improve the regression equation and to
reduce error in the analysis (shown as S. E. (Y)).
These data are being made available from production
runs and other independent furnace investigations.
Additional data will be accumulated on changes of dew=

point and changes of cooling zones.
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IIT. IMPREGNATION-POLARIZATION EXPERIMENT

A. IMPREGNATION-POLARIZATION PROCESS

The impregnation-polarization process is the means by which the
active material is applied in a porous nickel plaque. This step is accomplished
by soaking under vacuum a porous nickel plaque in either nickel or cadmium
nitrate solutions. In order to convert the nitrates to the desired hydroxides,
the plaques are immersed in either potassium hydroxide (KOH) or sodium hydroxide
(NaOH) and a cathodic polarizing current applied.

The impregnated plaques are then washed and dried. This process is
repeated until the plaques are impregnated with the desired amount of active
material.

B. EXPERIMENTAL DESIGN

The designed experiments for the impregnation of polarization study
will be conducted to obtain information on the effect of production parameters
and error variance. This design, like that used for the raw plaque study
previously reported, is a partially replicated fractional factorial of a
sequential series type using twenty-one (21) variables and three (3) responses.
The variables, their designation and levels are listed in Tables IVand V.

TABLE IV
POSITIVE IMPREGNATION STUDY

Variables Designation Levels
1 Specific Gravity of Nickel Nitrates 1.700 - 1.800
2 Free Acid 1 -4 gm/liter
3 Temperature of Nitrate 140°F - 200°F
4 Time of Impregnation 15 minutes - 1 hour
5 Vacuum 0 - 15 Inches
6 Wash Time 10 Minutes - 30 Minutes
7 Wash (Number of Cycles) 1 -3
8 Wash Water Temperature R.T. - 150°F
9 pH of Wash Water Measured
10 Type of Caustic KOH - NaOH
11 Specific Gravity of Caustic 1.200 - 1.300
12 Temperature of Caustic 80°F - 150°F

«13 -



TABLE IV (Cont.)
POSITIVE IMPREGNATION STUDY

Variables Designation Levels
13 Amount of NHj in Caustic Measured
14 Amount of CO, in Caustic Measured
15 Amount of OH in Caustic Measured
16 Polarigzation Current .1 - .4 amps/sq.in.
17 Polarization Time 15 Minutes - 1 Hour
18 Voltage of Plaque to Ref. Electrode Measured
19 Amount of Cycles with Same Caustic 1-5
20 Number of Total Cycles Measured
21 Type of Plaque 3 Types
Responses
1. Pick-up Weight
2. Capacity
3. Plate Testing (Characterization) These tests will be detailed in the
Third Quarterly Report.
TABLE V
NEGATIVE IMPREGNATION STUDY
Variables Designation Levels
1 Specific Gravity of Cadmium Nitrate 1.800 - 1.900
2 Free Acid .2 - .5 gm/liter
3 Temperature of Nitrate 110°F - 140°F
4 Time of Impregnation 15 Minutes - 1 Hour
5 Vacuum 0 - 15 Inches
6 Wash Time 10 Minutes - 30 Minutes
7 Wash (Number of Cycles) 1-3
8 Wash Water Temperature R.T. - 150°F
9 pH of Wash Water Measured
10 Type of Caustic KOH ~ NaOH
11 Specific Gravity of Caustic 1.200 - 1.300
12 Temperature of Caustic 80°F - 150°F
13 Amount of NH3 in Caustic Measured
14 Amount of CO, in Caustic Measured
15 Amount of OH in Caustic Measured
16 Polarization Current .1 - .4 Amps/sq.in.
17 Polarization Time 15 Minutes - 1 Hour
18 Voltage of Plaque to Ref. Electrode Measured
19 Amount of Cycles with Same Caustic 1-5
20 Number of Total Cycles Measured
21 Type of Plaque 3 Types
Responses
l. Pick~up Weight
2. Capacity
3. Plate Testing (Characterization)

These tests will be detailed in the Third Quarterly Report.
- 14 . )



All the variables will be measured and the actual numbers,
not the design levels, will be used in the analysis.

Three types of raw plaque material have been selected for
impregnation. One is a very low strength, high porosity plaque
produced at a low sintering temperature., The second and third
groups are successively stronger plaques. These plaques will be
used for both positive and negative experiments. The settings for
these plaques were selected as a result of the plaque investigations
conducted during the first quarter. Complete data for these plaques
will be included in the Third Quarterly Report.

All three types of plaques will be impregnated to the above
mentioned program plan., The data gained from these plaques will
be used to complete the analysis for the raw plaque study conducted
during the first quarter of this program.

C. Experimenting Equipment

The equipment used for the impregnation/polarization study is
an exact scale down of the production equipment. Figures 2 and 3
show the vacuum impregnation tanks, nitrate/caustic storage tanks
and power supplies. The vacuum tank is equipped with a vacuum gage,
thermocouples, voltage taps, power connectors and suction fan. The
storage tanks have independent, controlled induction heating systems
under the thickly insulated side walls. Current for polarization is
supplied by three (3) Rapid Electric Power Supplies (Model $-550).
All water used during the experiments will be supplied by a Model
HB-455-1 Deionizing Unit produced by Illinois Water Treatment Company

(See Figure 4). This unit has a 350 gal/hr. rate with

- 15 -
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a 40,000 gallon capacity at a purity level of less than 3 ppm.
Laboratory equipment has been assembled to conduct the required
chemical analysis on the nitrates and caustic used.

D. Experiment Testing and Control

In order to maintain the variables at their proper levels,
as shown in the program plan, it will be necessary to measure certain
properties. Although an effort will be made to hold the desired levels,
the actual measurement will be used in the regression analysis.

Specific gravity of the solutions will be measured with hydro-
meters. Free acid of the nitrates will be measured using the titration
method of Dr. A. Fleischerl°

Temperatures will be read with thermometers and thermocouples.
Vacuum can be measured with the vacuum gauge installed in the tank cover.
Polarization currents will be measured using shunts on the line for each
power connector going to the tank as can be seen in Figure 3. Chemical
analysis of the nitrates and caustic will be conducted to measure the
amounts of OH, COy and NH3. Chemical analysis of the OH content will be
by titration. The standard double end point titration method will be
used for COy content. To determine the NH5 content, a modified Kjeldahl
distillation-titration method using 4% boric acid will be used.

Each plaque and subsequent plates will be weighed to determine
the amount of active material picked up in the porous nickel plaque. A
dimensional analysis will be done on each plaque before and after impreg-
nation to determine its dimensional stability. Electrical capacity tests
will be conducted on the test samples to measure the actual, useable
active material. These electrical tests will be run on test samples

using a Hg/HgO reference electrode and will be connected as shown in

Figure 5. An attempt will be made to use the Four Point Bend Test
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before and after impregnation to determine the affect of impregnation

on the physical strength.

-18 =



IV.  BATTERY SEPARATOR STUDY

The first task in this study is to develop accurate and predic=-
table methods for screening non-woven nylon separator materials. Test
methods used by various people and organizations connected with the battery
industry have been investigated. The test methods used or recommended by

2

the NASA Interim Specification“, Fleischer & Cooper35 Tr. T. King4, Pellon

5, the GAC-0AO Specification6 and Eagle~Pict -r are listed in

Corporation
Table VI.

The study thus far has been confined to the non~woven nylon type
separator materials. The final objective of this study is to obtain
testing methods which will give the most accurate and repeatable results
to be used in screening separator material.

Future work will include the comparison of different testing
methods on the same lot of separators and the feasibility of testing
separator materials under compression.

A procurement and testing specification will be nrepared for

non-woven nylon separator material during the third quarter.

- 19 -
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V. CERAMIC-TO-METAL SEAL COVER ASSEMBLIES

There are two pertinent reports that have been prepared regard-
ing ceramic-to-metal terminal cover assemblies for hermetically-sealed
cells which are especially useful for nickel-cadmium cell designers and
battery users. These reports are "A Study of the State~of-the-Art of
Hermetic Seals for Secondary Alkaline Spacecraft Cells (Final Report
NAS5-10432) (Ref. 7). by Dr. Willard Scott of TRW and t.e paper presented
by Mr. R. A. Steinhauer (Ref. 8) of Hughes Aircraft Companry at the NASA/GSFC
Workshop on November 17, 1970. It is recommended that all battery cell
designers and cell and battery users be familiar with these reports as
they contain excellent descriptions of current state-of4thé-art and
important design parameters that must be considered for the development
of high reliability ceramic-to-metal seals. The following discussion
presents specific areas and recommendations based on Eagle-Picher experience
and are submitted to complement the above two reports.

A specification for quality control of ceramic-to-metal terminal

cover assemblies for hermetically-sealed nickel-cadmium cells is being
prepared. Source Control Drawings will be prepared for each manufacturer
which also contain provisions for Source control of component parts.
This Source Control Drawing will be complemented with a Quality- Assurance
Specification with the format as outlined below. Ceramic assemblies will
be procured using these specifications and drawings for deliverable cells
on this contract.

The metal parts used in the ceramic~to-metal seal consist of

the cell cover, terminals, stress relief collars, and braze cups or caps.

-21 -



The cell cover is manufactured of stainless steel with the preferred
material being 304L per QQS-766 Condition A. Type 304 stainless steel
has also been satisfactorily used. The only major difference in the two
materials is the percentage of carbon which is 1/2% greater in Type 304.
Terminals are manufactured from stainless steel or nickel,
Nickel is generally preferred by Eagle-Picher due to its better conduc-
tivity., Also, the mwachineability of stainless steel presents some prob~-
lems. Nickel 270, as supplied by International Nickel, is preferred.
This nickel is the purest nickel commercially available. WNickel 200 has
been used, but porosity problems of this nickel have led to leak problems
of ceramic to metal seals. International Nickel was consulted on this
problem and recommended the use of Nickel 270 to eliminate the fissures
and porous areas caused by impurities in the less pure grades of nickel.
Stress relief collars and upper braze cups, also referred to
as sleeves and caps, can be manufactured from pure nickel or nickel=-iron
alloy 42 or 52. The use of nickel is not recommended for the active metal
system where there is contact wifh titanium, as local nickel alloying
with titanium occurs. Alloy 42 is preferred for the active metal system
because of its closer matching thermal expansion coefficient to that of
the ceramic insulator. However, alloy 42 parts must be copper plated to
improve wettability during the brazing operation. Alloy 52 does not need
to be copper plated and appears to be a good compromise for these parts;
however, the nickel iron alloys are not corrosion resistant and must be
protected from humidity exposure to prevent corrosion and eventual leakage

problems.

- 22 .



Ceramic insulators are available in many varieties of alumina,
The 94 to 95% alumina content ceramic bodies have been used in most nickel
cadmium spacecraft batteries to date. Ceramic bodies are available from
several vendors in the general class of 947 minimum, 99% minimum, and
ultra-high purity varieties of alumina such as Coors AD999 and Vistal,
or G, E, Lucalox. It is difficult to assess the improvement to be gained
from higher alumina content ceramic although leakage paths (cracks) at
the ceramic braze interface have been shown.7 The braze interface area
contains fused glass phases. It follows then that removal of the silica
content from the ceramic insulator would be desirable. This would be
true except that the metallizing material and its formula must be changed
with different alumina contents. With the molymanganese system, silica
must be added to the metallizing agent; with the active metal system,
we are advised that no glassy phases need be added in the metallizers.
The composition of the metallizing layer or the metallizing material is
generally proprietary.

The braze alloy employed has been the silver copper eutectic
for many space type units, Also Ceramaseal, Inc. has incorporated approxi-
mately 5% paladium in their brazing alloy for a number of space qualified
seals to improve corrosion resistance. This results in a composition of

27% copper, 68% silver, and 5% paladium.

- 23 .



Preliminary work has begun on a quality assurance specification
for the manufacture of ceramic-to-metal seals. This specification is
divided into the following areas:

I. Materials Testing

A. Metal Parts
B. Ceramic Insulators
C. Brazing and Metallizing Materials
ITI. Cleaning and Handling
A. Cleaning Metal Parts
B. Cleaning Ceramic
C. Handling
D. Storage
IIT. Manufacturing
A. Brazing Operations
B. Welding
IV. Testing
A. Start Up - Qualification
B. 100% Testing

V. Packaging

- 24 o



VI.

CONCLUSIONS AND RECOMMENDATIONS

1.

Analysis of variance has shown that 857 of the total variationm
occurs within any indjividual plaque. It is further concluded

that a 27 variation is introduced into the plaque by virtue

of the wanufacturing process.

It is recommended to pursue additional work to reduce the 2%
variation inherent in the process. This work should concentrate
on uniformity improvement of individual plaques.

It is concluded that there are strong interactions in the plaque
manufacturing process.

Temperature, belt speed and dewpoint effects are non-linear due

to interactions.

Hot zone temperature, belt speed, dewpoint, weight and second
cooling zone temperature cause relatively strong effects on plaque
characteristics.

Relatively high degrees of control (with respect to amount of
change) are available for atmosphere amount, belt speed and
spacing.

Improved controls are recommended for temperature of hot zomnes

and cooling chambers, and control of dewpoint.

It is also recommended and planned to conduct further optimization

studies for manufacturing nickel plaques.,

- 25 -



VII. PROGRAM PLAN

The following areas will be investigated during the third

quarter of the contract.

1. Impregnation, polarization, and formation studies
will be continued.

2. Based on the test results from the first experi-
mental runs, it is planned to alter the factorial
design experiment to provide data with less total
time required to perform the experiments. It will
be necessary to reduce the number of experiments
in order to do the work in a timely manner.

3. Additional tests will be performed on the three (3)
runs of unimpregnated plaque whichare being used for
the impregnation study.

4. The separator specification shall be prepared.

5. The plaque quality assurance specification will be
finalized.

6. Ceramic-to-metal seal source control drawing will
be prepared for the cover assemblies to be purchased
for the contract.

7. The cell test study will be formally planned.

- 26 o
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EXHIBIT 1

VARIABLE NUMBERS FOR CORRESPONDING INTERACTIONS

USING A 9 VARIABLE MATRIX
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EXHIBIT 2

MODEL FOR THICKNESS
USING INTERACTIONS
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EXHIBIT 3

MODEL FOR VOID USING INTERACTIONS
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EXHIBIT &

MODEL FOR STRENGTH USING INTERACTIONS
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. EXHIBIT 5A
COMPUTER PROGRAM FOR GENERATING
PREDICTION LEVELS FOR VARTABILITY STUDY
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IBIT 5C

PROGRAM TO PRODUCE INTERACTIONS
AND CODE POR GARDNER 'S REGRESSION PROGRAM
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THICKNESS

EXHIBIT SE
RESULTS OF VARIABILITY AXALYSIS
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